Patients with stupor or coma from fulminant hepatic failure were found to have high cerebrospinal fluid concentrations of homovanillic acid (HVA) and 5-hydroxyindole acetic acid (5-HIAA), metabolites of dopamine and serotonin respectively. Excessive amounts of their precursors-phenylalanine and tyrosine and free tryptophan -were found in the patients' plasma. Methionine, which participates in dopamine degradation, was also much increased. Similar disturbances were found in patients suffering an acute exacerbation of chronic encephalGpathy. These abnormalities would be consistent with other evidence of an increased turnover of serotonin and possibly dopamine in the brain during hepatic encephalopathy.
Patients and Methods
Of the 32 patients with hepatic encephalopathy investigated 20 had fulminant hepatic failure (10 after a paracetamol overdose, seven with acute viral hepatitis, and three with halothane-associated hepatitis). The other 12 patientshad encephalopathy complicating chronic liver disease. They were all either stuporose or in coma and were considered to have grade III or grade IV encephalopathy, according to the classification of Trey et al. (1966) . The cerebrospinal fluid samples were obtained while investigating the course of the cerebral oedema which can develop in fulminant hepatic failure, though the cerebrospinal fluid pressure was not raised in any of the patients. Cerebrospinal fluid-from four other patients with liver disease but no clinical evidence of encephalopathy were also investigated. Results in a further 23 patients with miscellaneous neurological diseases and no liver damage were available for comparison.
The samples of cerebrospinal fluid obtained by lumbar puncture were stored at -200C until analysed. HVA was measured as previously described (Curzon et al., 1970) , except that the modification of Pullar et al. (1970) was used. 5-HIAA was measured by the cysteine-phthalaldehyde method (Korf and Valkenburgh-Sikkemn, 1969) . A Sephadex column method (Korf et al., 1971 ) was used on a few samples to check HV7AY and 5-HIAA values. Plasma levodopa was measured by the method of Curzon et al. (1972) . Phenylalanine, tyrosine, and methionine concentrations were measured by automated ionexchange chromatography, using either a Bio-Cal BC-200 or BC-100 machine. Sulphosalicyclic or picric acid procedures (Tallan et al., 1954) were used to remove protein from plasma samples within 10 minutes of venepuncture and the treated extracts were stored at -200C until analysed. Elution buffers were usually made up with sodium citrate but sometimes a lithium citrate sequence (Atkin and Ferdinand, 1970) was used. Peak areas were compared with those of a standard amino-acid mixture to calculate plasma concentrations. The normal ranges reported by Soupart (1962) were checked and excellent agreement found. Total plasma tryptophan was estimated by the method of Denkla and Dewey (1967) . This was also used to measure free tryptophan in an ultrafiltrate from a 1.7-ml aliquot of each plasma sample, prepared by centrifuging at 800 g in a Diaflo cone for 30 minutes at room temperature. Unesterified fatty acids in whole plasma were measured by the technique of Laurell and Tibbling (1967) .
Results
Concentrations of HVA and 5-HIAA were substantially increased in the cerebrospinal fluid of patients with hepatic encephalopathy ( fig. 1) plasma tryptophan concentration in the present patients was not increased there is evidence to suggest that only the fraction which is free-that is, not bound to protein-is directly available to the brain (Knott and Curzon, 1972; Curzon et al., 1973; Tagliamonte et al., 1973 
b).
A similar mechanism cannot be invoked to explain the high HVA concentrations. Though high plasma concentrations of the dopamine precursors phenylalanine and tyrosine are found the rate-limiting enzyme for dopamine synthesis-that is, tyrosine hydroxylase-is thought to be normally saturated with substrate (McGeer et al., 1971) . It may be relevant that in dogs an intravenous infusion of tryptophan leads to increased HVA as well as 5-HIAA in the cerebrospinal fluid, even though brain dopamine or HVA was unchanged (Moir, 1971 ). The present findings in hepatic encephalopathy could == _ _ therefore result from defective transport of HVA owing to the raised free tryptophan levels rather than to abnormal brain dopamine metabolism. Investigations on brain tissue are required to decide this question. We had hoped that this study would elucidate the arousal effect of levodopa seen in hepatic coma. The results have shown that this cannot be attributed to defective brain dopamine synthesis, but whether it is due to the flushing away of false neurotransmitters accumulating in the brain in liver failure requires further study (Fischer and Baldessarini, 1971) . Conceivably the raised plasma free tryptophan levels are important in the mechanism of the cerebral impairment in hepatic encephalopathy in view of the reported toxic effects of tryptophan in the presence of defective liver function.
The theoretical dangers of severe phosphate depletion have been known for a long time. Minor degrees might be expected first to affect bone mineralization and then to produce a disease similar to rickets (or osteomalacia) while severe depletion would lead to death. Aluminium hydroxide is nearly always given as an antacid. Rarely, as in certain patients with renal failure, it is given in larger doses to produce a slight phosphate depletion, for the hydroxide not neutralized by the gastric acidity (and probably most that is) is likely to bind with the phosphate in the diet and intestinal secretions and be excreted unabsorbed as aluminium phosphate. With the usual doses given severe phosphate depletion should not occur but with larger doses it would seem to be inevitable. We describe such a case here. reason, had later become severe, and was made worse by rising from a sitting position and climbing stairs. More recently she had felt pain in both upper arms and in the lower lumbar region. Weakness was most noticeable when she tried to rise from a sitting position. Her gait had been described by friends as waddling, and on admission she was able to walk a few paces only with great difficulty. The results of previous investigations had been normal, but later abnormalities in plasma calcium, phosphorus, and alkaline phosphatase led to her referral to this unit.
She had a history of severe heartburn, associated with reflux oesophagitis and hiatus hernia, which antacids relieved. Her appetite was normal but she had eaten sparingly for two years, avoiding all starchy foods and alcohol, and had lost 12 kg in weight. There were no other symptoms. She had had a hysterectomy for menorrhagia in 1971. Since January 1971 her antacid intake had consisted of 500-600 ml Aludrox a week, equivalent to about 4-7 g aluminium hydroxide daily. This was discontinued after nine months in favour of Mucaine at least 10 ml hourly, equivalent to about 11 4 g aluminium hydroxide, 4 0 g magnesium hydroxide, and 400 mg oxathazaine daily. In addition she had taken 15-20 Asilone tablets daily for the last 20 months, equivalent to about 8-5 g aluminium hydroxide and 4-2 g polymethylsiloxane daily. Thus for some months before admission she had taken about 20 g of aluminium hydroxide each day-far in excess of the normal therapeutic dose. She had also taken nightly nitrazepam 5 mg, levorphanol tartrate 3 mg, and two tablets each of Tuinal and Equagesic.
The patient was small and thin (weight 51-0 kg, height 152-2 cm), but looked in good general health. She had a pronounced waddling gait and weakness of the hip and knee flexors. Passive joint movement was normal. There was tenderness around both humeri and the left hip but no generalized bone tenderness and no weakness of the shoulder muscles. Preliminary investigations showed normal haematology, normal urea, sodium, potassium, chlorine, uric acid, and creatinine, with a creatinine clearance of 80 ml/min. The plasma immunoreactive parathyroid hormone level was 1,075 pg/ml (normal up to 650 pg/ml), and the plasma 25-hydroxyvitamin D on three occasions was 13, 14, and 16 ng/ml respectively (normal 7-23 ng/ml for April; T. C. B. Stamp, personal communication). The results of routine urine examination were normal. Skeletal radiological screening showed nothing abnormal; in particular there were no Looser zones or subperiosteal erosions. Using copper thiocyanate as internal marker we found faecal fat to be raised on the first determination at
